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@ Process for producing 1,4-butanediol and tetrahydrofuran. 

(gh There is disclosed a process for the production of 1.4-butanedid and tetrahydrofuran by the catalytic 
® hyJogenatiorin the ga^ phase of ^butyrolactone using a solid catalyst comprising copper and 
E ^p^^^^^^^ manganeU or copper chromium. 'J^^^S^P^l^.^^f.,^^""'"^ 

y-buty^olacbc^^^ preferably produced by the liquid phase hydrogenatlon of maleic anhydride. 
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PROCESS FOR PRODUCING 1,4.BUTANEDIOL AND TETRAHYDROFURAN 

The present invention relates to a process for producing 1.4'4>utanedio! and tetrahydrofuran. More particu* 
lariy, the present invention relates to a process for producing 1 ,4-butanediol and tetrahydrofuran by the catalytic 
hydrogenation of y-butyrolactone which is performed In gas phase in the presence of a specific catalyst. Accord- 
5 ing to a preferred embodiment, the y-butyrolactone is produced by the catalytic hydrogenatfon of mateic anhyd- 
ride which is performed in liquid phase in the presence of a catalyst 

PRIOR ART 



10 Since 1 ,4-butanediot is a useful compound as a raw material for polybutylene terephthalate resin and 

polyurethane resin, there has been a strong demand for a process for producing it efficiently and economically. 

There are know processes (as explained beiow) for producing 1 .4-butanedlol by the catalytic hydrogenation 
of tTiai^ic aMityciriuc ancj/'or 3viCCiriiC anMyciriuG or a cfonvauVc thereof. 

(a) A process for producing 1,4-butanediol by the hydrogenation of maleic anhydride and/or maleic acid 
IS in liquid phase in the presence of a catalyst containing an element (or a compound thereof) belonging 

to the VII subgroup and VIII subgroup of the periodic table. (Japanese Patent Laid-open No. 
133212/1976) 

(b) A process for producing 1,4-butanediol by the hydrogenative decomposition of maleic acid diester or 
fumaric acid diester in gas phase in the presence of a copper chromite catalyst. (Japanese Patent Laid- 

20 open No. 22035/1 986 and Japanese Patent Published Publication No. 501702/1987) 

The present inventors also proposed a process for producing 1 ,4-butanediol by the catalytic hydrogenation 
of maleic anhydride and/or succinic anhydride In gas phase in the presence of a copper oxide-sdnc oxide catal- 
yst (Japanese Patent Application No. 175062/1988) 

There are also known processes (as explained below) for producing y-butyrolactone by the catalytic hyd- 
25 rogenation of maleic anhydride and/or succinic anhydride in liquid phase or gas phase. 

(c) A process for producing y-butyrolactone by the catalytic hydrogenation of maleic anhydride In liquid 
phase in the presence of a nickel catalyst (Japanese Patent Publication No. 6946/1968) 

(d) A process for producing y-butyroiactone and tetrahydrofuran by the catalytic hydrogenation of maleic 
anhydride in the presence of a nickel catalyst in combination with rhenium or a rhenium compound. 

30 (Japanese Patent publication No. 6947/1986) 

(e) A process for producing y-butyrolactone and/or tetrahydrofuran by the hydrogenation of maleic 
anhydride and/or succinic anhydride in liquid phase in the presence of a solid catalyst composed of pal- 
ladium, cobalt, and niobium. (Japanese Patent Laid-open No. 111975/1987) 

On the other hand, tetrahydrofuran (as well as 1 ,4-butanedlol) is also a useful compound as a raw material 
35 for polytetramethylene glycol and as a solvent for polyvinyl chloride and polyurethane ; therefore, there has 
been a strong demand for a process for producing it efficiently and economically. 

There are known processes (as explained below) for producing 1,4-butanediol and/or tetrahydrofuran by 
the catalytic hydrogenation of y-butyrolactone In gas phase. 

(f) A process for producing 1,4-butanediol and tetrahydrofuran by the hydrogenative decomposition of y* 
40 butyrolactone in gas phase in the presence of a catalyst which is a mbcture formed by reducing copper 

oxide and zinc oxide. (Japanese Patent Published Publication No. 500993/1983) 

(g) A process for producing 1,4-butanediol by the catalytic hydrogenation of y-butyrolactone in gas 
phase in the presence of a copper chromite catalyst (Japanese Patent Laid-open No. 155231/1987) 

(h) A process for producing tetrahydrofuran and 1 , 4-butanedlol by the one-stage catalytic hydroge- 
45 nation of maleic anhydride and/or succinic anhydride In gas phase in the presence of a solid catalyst 

containing copper, chromium, and manganese. (Japanese Patent Application No. 313760/1 988 filed by 

the present Inventors) 

Problems to be soJved by the invention 

There are some problems involved in the above-mentioned known processes (a) and (b) for producing 1 ,4- 
50 butanediol by the catalytic hydrogenation of maleic anhydride and/or succinic anhydride or a derivative thereof. 
In other words, the hydrogenation of maleic anhydride and/or maleic acid in liquid phase in the presence of a 
catalyst requires a high pressure of about 200 kg/cm^. This leads to a huge amount of equipment cost and run- 
ning cost On the other hand, the hydrogenath/e decomposition of maleic acid diester in gas phase in the pre- 
sence of a catalyst does not need the high pressure as mentioned above ; however, it needs additional process 
55 for diesterify ing maleic anhydride, which makes the process very complex. That is to say, the reaction to convert 
a monoester into a diester (which is an equilibrium reaction) needs two stages for its completion. Thus the entire 
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reaction needs three stages, namely, two stages for diesterification and one stage for monoesterification. 

There is an advantage of not requiring high pressure and complex equipment in the process (h) (mentioned 
above and proposed by the present inventors) for producing 1,4-butanediol by the catalytic hydrogenation of 
maleic anhydride and/or succinic anhydride in gas phase in the presence of a catalyst However, this advantage 
5 is set off by a disadvantage that the reaction to fonm 1.4-butanedioI is so slow that the process is poor in space 
time yield. 

There are also some problems involved in the above-mentioned Icnown processes (0 and (g) for producing 
1,4-butanediol and/or tetrahydrofuran by the catalytic hydrogenation of y-butyrolactone in gas phase. That is 
to say, they are unable to control as desired the ratio between 1,4-butanedlol and tetrahydrofuran to be pro- 
10 duced. 

It is an object of the present invention to provide an improved process for producing 1 .4-butanediol and/or 
tetrahydrofuran by the catalytic hydrogenation of y-butyrolactone in gas phase, wherein the Improvement 
includes the usage of a specific catalyst which Increases the conversion ratio of y-butyrolactone and facilitates 
control over the ratio between 1,4-butanediol and tetrahydrofuran to be produced. 
IS it is another object of the present invention to provide an improved process for producing 1 .4-butanediol 

and tetrahydrofuran simultaneously from maleic anhydride economically in a high space time yield, unlike the 
conventional complex process which needs a high equipment cost and running cost. 
Means to solve the problems 

20 Summary of the invention 

The present Inventors can-ied out extensh^e studies in search of a catalytic hydrogenation of maleic anhyd- 
ride which would give 1,4-butanediol and tetrahydrofuran in a high space time yield at as low a pressure as 
possible. As a result, it was found that the object is achieved by the use of a new process for the catalytic hyd- 
rogenation of y-butyrolactone which is one embodiment of this invention. Afurther embodiment is the production 
of 1 4-butanediol and tetrahydrofuran by a two stage catalytic hydrogenation of maleic anhydride, the first stage 
for converting maleic anhydride into y-butyrolactone and the second stage being the new process for converting 
y-bulyrolactone into 1 ,4-butanediol and tetrahydrofuran. It was also found that the second stage of the catalytic 
hydrogenation should be perfbmned in gas phase in the presence of a specific catalyst. 

The present Invention relates to a process for producing 1 ,44)utanediol and tetrahydrofuran by the catalytic 
hydrogenation of y-butyrolactone in gas phase in the presence of a solid catalyst containing copper and silicon, 
or containing copper, chromium, and manganese, or containing copper, chromium, manganese, and banum, 
A prefen-ed embodiment of the present invention consists of subjecting maleic anhydride to catalytic hydroge- 
nation in liquid phase in the presence of a catalyst, thereby forming y-butyrolactone. and subsequently sub- 
jecting the y-butyrolactone to catalytic hydrogenation in gas phase In the presence of a solid catalyst containing 
copper and silicon, or containing copper, chromium, and manganese, or containing copper, chromium, man- 
ganese, and barium. The catalytic hydrogenation of maleic anhydride into 1,4.butanediol and tetrahydrofuran 
proceeds through the following path. 
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25 According to a preferred embodiment of the present invention, the catalytic hydrogenation (1) of maleic 

anhydride into y-butyroiactone is canied out in liquid phase at as low a pressure as possible to avoid problems 
involved in the gas phase reaction, and the catalytic hydrogenation (II) of y-butyrolactone into 1 ,4-butanediol 
and tetrahydrofuran is canried out in gas phase at as high a pressure as possible within a limit to keep a high 
ratio between hydrogen and y-butyrolactone in gas phase. In this way, the equilibrium reaction (II) proceeds to 

30 give 1.4-butanediol and tetrahydrofuran advantageously. 

In what follows, the present invention will be explained with reference to an embodiment which consists of 
producing the desired products from maleic anhydride In two stages. This embodiment is not intended to restrict 
the scope of the present invention. 

Production of y-butyrolactone by liquid pbase process 
35 In this embodiment, the first stage of the reaction consists of producing y-butyrolactone from maleic anhyd- 

ride by catalytic hydrogenation in liquid phase. 

caiatyst 

40 The first stage of the reaction in liquid phase needs a catalyst which may be a known nickel catalyst, a 

nickel catalyst incorporated with rhenium or a rhenium compound, or a solid catalyst composed of palladium, 
cobalt, and niobium. It is possible to use an alternative catalyst which is prepared by reducing a commercial 
copper oxide-chromium oxide-manganese oxide catalyst or a commercial nidcei oxide-copper oxide-cobalt 
oxide catalyst. 

45 The reduction of a commercial catalyst may be accomplished by treating the catalyst with a nitrogen gas 

containing hydrogen. To perform the treatment, a nitrogen gas containing 2 vo!% of hydrogen is passed through 
the catalyst bed at a gas hourly space velocity (G.H.S.V.) of about 2400 h-'" under a pressure of tens of kg/cm^G 
at 1 TO^'C for 24 hours. The treatment is continued for several hours, with the hydrogen content gradually 
increased to 1 00 vol% and the temperature of the catalyst bed raised to 200^C. (G.H.S.V. is expressed in terms 

so of normal temperature and normal pressure hereinafter.) 

solvent 

The solvent used for the above-mentioned liquid phase reaction Is not specifically limited. It includes, for 
55 example, y-bulyrolactone. tetrahydrofuran. dimethyl ether, diethyl ether, 1,4-dioxane, benzene, and toluene. 
The solvent may be omitted. 

Conditions of catalytic reaction 
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In the above-mentioned liquid pliase reaction to be performed In the first stage, the gas-liquid mixed phase 
(composed of maleic anhydride and hydrogen gas) is brought into contact with the cataiyst by any Jcnown 
method using a fixed bed reactor, moving bed reactor, orfluidized bed reactor. This stage of reaction may also 
be carried out batchwise. The continuous operation should be carried out so that the gas-liquid mixed phase 
5 (composed of maleic anhydride and hydrogen gas) Is passed through the catalyst at an LHSV of 0.001 -1 .0 h-^ 
The batchwise operation should be carried out so that the reaction continues for 0.5-16 hours. In either cases, 
the reaction temperature should be about 150-300*C and the reaction pressure should be about 60-150 
kg/cm%. 

The liquid pliase reaction in the firet stage gives rise to a reaction product which varies depending on the 
10 catalyst, reaction temperature, and reacBon pressure employed. Usually, it is composed of 50-95 mol% of y- 
butyrolactone. 1-30 mol% of tetrahydrofuran, 0.5-5 mol% of n-butanol. and 0-10 mol% of succinic anhydride. 
Production of 1.4-butanedlol and tetrahydrofuran by gas phaso process 

1 4-butanediol and tetrahydrofuran are produced from y-butyrolactone by the catalytic hydrogenation in gas 
phase The y-butyrolaclone as the starting material may be the reaction product obtained .n the above-men- 
15 tioned liquid phase reaction. The reaction product may be used as such or after purification. This gas phase 
reaction corresponds to the second stage of reaction In the above-mentioned embodiment 

catalyst 

The reaction in gas phase needs a catalyst which may be fonned by reducing a copper oxide-silicon oxide 
catalyst, copper oxide-chromium oxide-manganese oxide catalyst, or copper oxide-chromium oxide-mangan- 
ese oxide-barium oxide catalyst The preparation of the catalyst may be performed in the following manner, 
which is explained with reference to a copper oxide-silioon oxide catalyst First, copper nitrate (or any other 
copper compound) is dissolved in water. To the resulting aqueous solution is added pulverized silicon oxide 
(such as snica. silica gel. sflica sol). The mixture is neutralized with an aqueous soluflon of ^ofiuin carbonate 
which is added dropwise while the mixture is heated and stirred. Solids are filtered off and dried. Finally, the 
dried solids are calcinated and molded Into a desired shape using a molding machine. The thus obtained 
catalyst Is reduced In the same manner as used fbr the preparation of the catalyst for the liquid phase reaction. 

so solvent 

The solvent used fbr the gas phase reaction in the present invention is not specifically limited. It includes, 
for example, r-butyrolactone. tetrahydrofuran. dimethyl ether, diethyl ether. 1 .4-dioxane. benzene, and toluene. 
The solvent may be omitted. 

conditions ofcatalvBo reaciion 

In the above-mentioned gas phase reaction to be performed in the second stage, the mixed gas (composed 
of Y-butyroiactone and hydregen gas) is brought into contact with the catalyst by any known ""^^hod using a 
fixed bed reactor, moving bed reactor, or fluidized bed reactor. This stage of reacUon may also be earned ou^- 
batchwise. The reaction should be carried out so that the mixed gas (composed °^ r-b"tyro artone and Mro- 
gen gas) comes Into contact with the catalyst at a G.H.S.V. of 1000-100000 h-i. P-^^-^V ^OOO^OOOO h 
The reaction temperature should be about 150-280-C and the reaction pressure should be about 10-100 
kg/cm^. The molar ratio of hydrogen gas to y-butyrolactone Is 50-1500. An adequate '^f"'"^^!'^''^ 
reaction pressure, and molar ratio should be selected so that the system remains In gas Phase. Wrth a ^ 
geniV^butyrolactone molar ratio tower than 50. the reaction is slow and the catalyst 's degraded by a car- 
bonaceous substance which forms during the reaction. Conversely, with a molar ratio higher 1500. the 
reaction is economically disadvantageous because of the necessity of circulating a large amount of hydrogen^ 
The gas phase reaction in the second stage gives rise to 1.4.butanediol and tetrahydreftiran in a vaned 
ratio depending on the reaction pressure and reaction temperature. Usually, the molar ratio o te«rahydrohir^^^ 
to 1.4-butanediol is in the range of 0.05 to 200. The reaction product can be easOy separated into 1.4-butanedioi 
and tetrahydrofijran by any known method such as distliatlon. 

Effect of the Inventton 

According to one embodiment of the present Invention, maleic anhydride is made into y-''"ty~'^'='f"® 
the liquid-phase reaction which poses no problems such as coking. In addition, this reactton can be pe-^^ed 
at a much lower pressure than the convention process for converting maleic anhydride directly Into 1 .A-buta- 
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nediol. The low pressure leads to the reduction of equipment cost and running cost. The thus obtained y- 
Injtyrolactone is subsequently made into 1 ,4.butanedioI and tetrahydrofuran by the gas phase reaction. Since 
this gas phase reaction is an equilibrium reaction, it Is possible to obtain 1,4-butanedlol and tetrahydrofuran in 
a high space time yield, and it is also possible to control the ratio between 1.4 butanediol and tetrahydrofuran. 

5 If proper reaction conditions are chosen. 

The process is economical because the reaction product In the liquid phase reaction (first stage) can be 
supplied without purification to the gas phase reaction (second stage). This offers an advantage that the reac- 
tion does not form a polyester as a by-product because the reaction system does not contain maleic anhydride 
or succinic anhydride as a raw material and 1,4-butanediol as a reaction product at the same time. 

10 The invention will be explained with reference to the following examples, which are not intended to restrict 

the scope of the invention. In the examples, percentage (%) Is based on weight, unless otherwise Indicated. 

Examples 1 and 2 show the production of y-butyrolactone, whilst Examples 3 and 4 show the embodiment 
of the invention in converting the y-butyrolactone to 1-4,butanedioi. 

ifi Example 1 (Preparation of y-butyrolactone) 

The catalyst for the catalytic hydrogenation was prepared by reducing in the following manner a commercial 
copper oxide-chromium oxide-manganese oxide catalyst (G-89, powder type, a product of Nissan Gardlar 
Shokubai Co.. Ltd.) containing 38.9% of copper. 37.3% of chromium, and 3.6% of manganese. First, the com- 

20 mercial catalyst was heated at 170**C under a nitrogen stream at a pressure of 40 kg/cm^G. Hydrogen was 
slowly added to the nitrogen stream until the hydrogen content reached 2 vol%. The nitrogen stream containing 
2 vol% of hydrx)gen was passed through the catalyst overnight at 170**C and 40 kg/cm^G, with the G.H.S.V. 
being 2400 h-''. The hydrogen content in the nitrogen stream vtfas gradually increased to 100 vol%, white keep- 
ing the catalyst bed lower than 200''C, Finally, the reduction with hydrogen was perfonmed at 200*C and 40 

25 kg/cm2G for 2 hours with the G.H.S.V. being 2400 h^^ 

In a 300-cc stainless steel autoclave equipped with an electromagnetic induction stirrer were placed 100 
g of maleic anhydride and 120 g of 1,4-dioxane as a solvent. With the atmosphere In the autoclave replaced 
with nitrogen, 30 g of the reduced catalyst was placed in the autoclave In such a manner that the catalyst was 
not exposed to air. Hydrogen was forced into the autoclave, and the catalytic hydrogenation was carried out 

30 in liquid phase at 220''C and 90 kg/cm^G, for 4 hours. 

There was obtained a reaction product composed of 86.5 mol% of y-butyrolactone, 6,2 mol% of tetrahyd- 
rofuran, 2.3 mol% of n-butanol. and 1.4 mol% of succinic anhydride. The conversion of maleic anhydride was 
100%. 

35 Example 2 (Preparation of y-butyrolactone) 

The catalytic hydrogenation of maleic anhydride In liquid phase was canned out in the same manner as 
Example 1, except that the catalyst was replaced by a commercial nickel catalyst containing 22% of nickel as 
metal (G53D. a product of Nissan Gardlar Shokubai Co., Ltd.), the 1.4-dioxane as a solvent was replaced by 
40 y-butyrolactone, and the reaction temperature was changed to 240*'C. 

There was obtained a reaction product composed of 76.4 mol% of y-butyrolactone, 15.6 mol% of tetrahyd- 
rofuran, 3.1 mol% of n-butanol, 0.7 mol% of succinic anhydride, and trace amounts of propionic acid and lactic 
add. The conversion of maleic anhydrMe was 100%. 

45 Example 3 

The catalyst for the catalytic hydrogenation was prepared by reducing in the same manner as in Example 
1 a commercial copper oxide-silicon oxide catalyst (T-366. a product of Nissan Gardlar Shokubai Co., Ltd.) con- 
taining 50.6% of copper and 12.4% of silicon in a fbced bed reactor. 

so With the fixed bed reactor heated to 210**C, the catalytic hydrogenation In gas phase waso^erformed by 

passing the raw material (which is the reaction product obtained in Example 1 ), together with 100 times (In mol) 
as much hydrogen as the raw material, under a pressure of 15 kg/cm^G and at a G.H.S.V. of 4800 h-^ 

There was obtained a reaction product composed of 95.2 mol% of tetrahydrofuran and 4.6 mol% of n-bu- 
tanol. The conversion of y-butyrolactone was 100%. 

55 

Example 4 

The catalyst for the catalytic hydrogenation was prepared by reducing In the same manner as In Example 
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1 the same commercial catalyst (pellet type) as used In Example 1. The catalytic hydrogenation In gas phase 
was perfomied by passing the raw material (which is the reaction product obtained In Example 2). together with 
300 times (in mol) as much hydrogen as the raw material. The reaction temperature was ISO^C. the reaction 
pressure was 40 kg/cm^G, and the G.H.S.V. was 36000 tr\ 

There was obtained a reaction product composed of 17 mol% of y-butyrolactone. 66 mol% of 1 ,4-butane- 
diol, arid 13 mol% of tetrahydrofuran. The conversion of y-butyrolactone was 78%. 



Example 5 

10 The catalyst for the catalytic hydrogenation was prepared by reducing in the same manner as in Example 

1 a commercial copper oxide-chromlum oxide catalyst (N201 , a product of Nikki Kagaku Co., Ud.) containing 
27.6% of copper, 31.2% of chromium, 2,5% of manganese, and 0.6% of barium, which had been placed In a 
fbced bed reactor. 

Using this catalyst, the catalytic hydrogenation was perfomied in gas phase on the reaction product 
15 obtained In Example 2, in the same manner as in Example 4 except that the reaction pressure was changed 
to 60 kg/cm^G and the reaction temperature was changed to 210*»C. 

There was obtained a reaction product composed of 66 mol% of 1 ,4-butanediol, 9 mol% of tetrahydrofuran, 
21 mol% of -^butyrolactone, and 3.7 mol% of n-butanol. The conversion of y-butyrolaclone was 73%. 



20 Example 6 for comparison 

The reduction of the catalyst and the catalytic hydrogenation were camed outunder the same conditions 
as in Example 5. except that the commercial catalyst was replaced by a commercial nicke^copper-cobalt catal- 
yst containing 45% of nickel. 4.5% of copper, and 5.0% of cobalt (G-98B, a product of Nissan Gardlar Shokubai 
25 Co., Ltd.) 

It was found that the reaction product contains merely 2.6 mol% of tetrahydrofuran and contains no y- 
butyrolactone and 1 .4-butanediol at all. This is because the decomposition reaction was dominant 



Referential Example 

30 

The catalyst for the catalytic hydrogenation was prepared by reducing in the same manner as in Example 
1 the same catalyst as used in Example 4. The catalytic hydrogenaUon in gas phase was perfonned in a single 
stage by passing the raw material (which Is a solution of malefc anhydride (1 mol) In y-bu^rolactone (1 moO), 
together with 200 times (in mol) as much hydrogen as the raw material. The reaction temperature was 180*»C, 
35 the reaction pressure was 40 kg/cm^G, and the G.H.S.V. was 9000 tr\ 

There was obtained a reaction product composed of 15.1 mol% of 1. 4-butanediol. 2.8 mol% of tetrahyd- 
rofijran. 81.9 mol% of y-butyrolactone, and 0.3 mol% of n-butanol. The conversion of maleic anhydride was 
100%. 



Claims 

1. A process for producing 1,4-butanedioI and tetrahydrofuran which comprises catalytically hydrogenating 
y-butyrolactone in the gas phase in the presence of a solid catalyst containing copper and silicon, or con- 

45 taining copper chromium and manganese, or containing copper, chromium, manganese and barium. 

2. A process according to claim 1 in which the catalyst is obtained by reducing a copper oxide-sHicone, oxide 
catalyst, copper oxide-chromium, oxide-manganese, oxide catalyst or copper oxidenshromlum. oxide-man- 
ganese, oxide-barium oxide catalyst 

so 

3. Aprocess according to dalm 1 or dalm 2 In whteh the molarratioof hydrogen to y-butyrolactone is 50-1500. 

4. A process according to any of the preceding claims in which the mixture of y-butyrolactone and hydrogen 
gas comes into contact with the catalyst at a G.H.S.V. of 100O-1 00000 h-^ 

ss 

5. A process according to any of the preceding claims in which the reaction temperature is from 1 50 to 280«C 
and the reaction pressure Is firom 10-100 Kg/cm^c, 
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A process according to any of the preceding dabT« In which the y-butyrdactone has been p«,duced by 
the hydrogenation of maleic anhydride In the liquid phase. 

Aprocess for producing 1.4-butanedioI and tetrahydrofUran which comprises inafirststageh^^ 
maiTi^h^dride in the liquid phase to produce y-butyrolactone and In a second stage cataiytically hyd- 

^n « SniS; copper chromium and manganese, or containing copper. chrom.um. manganese and 



barium. 
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